A Disintegrin And Metalloproteinase (ADAM)-10 plays critical roles in neuronal migration and distribution. Recently, ADAM10 deletion was shown to disrupt myelopoiesis. We found that inducible deletion of ADAM10 using Mx1-driven Cre recombinase for a period of three weeks resulted in mast cell hyperplasia in the skin, intestine and spleen. Mast cells express surface ADAM10 in vitro and in vivo, at high levels compared to other immune cells tested. ADAM10 is important for mast cell migration, since ADAM10-deficiency reduced c-Kit-mediated migration. As with some mast cell proteases, ADAM10 expression could be altered by the cytokine microenvironment, being inhibited by IL-10 or TGFβ1, but not by several other T cell-derived cytokines. Collectively these data show that the ADAM10 protease is an important factor in mast cell migration and tissue distribution, and can be manipulated by environmental cues.
Introduction
Mast cells are sentinels of the innate immune system that rapidly respond to pathogens and mediate allergic inflammation. They do this primarily through antigen (Ag)-induced crosslinking of IgE bound to the high-affinity IgE receptor, FcεRI [1; 2; 3] . The resulting signals induce mast cells to release myriad early and late phase mediators. These include proteases, histamine, and arachidonic acid metabolites released in the first few minutes after activation. Cytokines are predominantly produced hours later, though TNF and IL-4 can be stored in Mast cells express many proteases, of which the chymase and tryptase members have been intensively studied [9] . These enzymes have both pro-and anti-inflammatory functions, such as neutrophil recruitment in arthritic joints [10] and TNF degradation [11] . Hence, understanding the role of these individual enzymes can provide insight into mast cell function. ADAM10 is a member of the ADAM proteinase family, whose members cleave many transmembrane proteins through ectodomain shedding or regulated intramembrane proteolysis (RIP) [12; 13; 14] . In an example of the former, TNF is released from the cell membrane by ADAM17 [12] . In a common example of RIP, Delta-like 1 (DL1) binding to Notch2 results in Notch2 cleavage by ADAM10, followed by γ-secretase activity that allows Notch2 Intracellular Domain (N2ICD) to translocate to the nucleus and elicit transcription [15] ).
ADAM10 has been implicated in the proper distribution, development, and function of neurons, and is important for signaling pathways including N-Cadherins, Ephrin, Notch, and γ-Protocadherins [13] . However, ADAM10 cleaves many substrates involved in immunity, including Notch 1, Notch 2, DL1, CD23, TNF, and IL-6R [14; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26] . ADAM10-dependent Notch signaling has been demonstrated in recent years to be crucially important for the proper differentiation and distribution of T cells and B cells [17; 19; 24] .
The critical nature of ADAM10 was demonstrated when gene-deleted mice were found to die at day 9.5 of embryogenesis [21] . This lethal phenotype led investigators to develop mice exhibiting cell-specific ADAM10 deletion using the Cre recombinase/loxP system [19; 24] . Using an inducible Mx1-Cre transgenic mouse, Yoda et al., recently showed that ADAM10 deletion resulted in myeloproliferative disease (MPD) with overt splenomegaly and increased granulocytes [27] . Using this model, we noted an overt increase in tissue mast cell numbers within 3 weeks of gene deletion. We demonstrate that mast cells abundantly express ADAM10 on their cell surface. The increase in tissue mast cells may be due to direct effects of ADAM10, since its deletion suppressed Kit-mediated migration, while enhancing survival and proliferation. These data demonstrate that this ADAM family member plays important roles in mast cell migrations and distribution, perhaps contributing to mast cell-associated inflammatory diseases.
Methods

Animals
C57BL/6, Mx1CreTg C57BL/6, and ADAM10 fl/fl C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor, ME) and used at a minimum of 6 wk old, with approval from the Virginia Commonwealth University Institutional Animal Care and Use Committee. STAT3 −/− mice and controls were kindly provided by John O'Shea (NIAMS/NIH, Bethesda, MD). Mx1CreTg mice were bred with ADAM10 fl/fl mice, and through successive breeding resulted in mice that were Mx1CreTg ADAM10 fl/fl (hereafter referred to as ADAM10 KO mice), or Mx1CreTg ADAM10 +/+ (hereafter referred to as WT mice) as a negative control. All mice used were on a C57BL/6 background.
Genotyping was accomplished by genomic PCR, performed according to Jackson Laboratory protocols for Mx1Cre expression and ADAM10 expression utilizing primers of as follows: Mx1Cre 5' GCGGAGCCAGCACTATTTA 3' and 5' CCGGCATCAACGTTTTCTTTT 3', and ADAM10 5' GAGAGGAAAGAAAGTGGCAGA 3' and 5' AGTGGGTGGGTTAATGAGCA 3'.
To induce ADAM10 deletion, Mx1CreTg mice were injected with 250µg of poly-inosine: poly-cytosine (poly-IC) intraperitoneally (i.p) every other day for 5 days, for a total of 3 injections. Mice were allowed to rest for a minimum of 9 days after the final injection of poly-IC prior to harvesting bone marrow to derive mast cell cultures; in all experiments involving histology or peritoneal lavage the mice were allowed to rest a minimum of 16 days. ADAM10 protein loss was confirmed via flow cytometry.
Mouse Mast Cell Cultures
Mouse bone marrow-derived mast cells (BMMCs) were derived by culture in complete RPMI (cRPMI) 1640 medium (Invitrogen Life Technologies, Carlsbad, CA) containing 10% FBS, 2 mM l-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin, 1 mM sodium pyruvate, and 1 mM HEPES (all from Biofluids, Rockville, MD), supplemented with IL-3-containing supernatant from WEHI-3 cells and SCF-containing supernatant from BHK-MKL cells. The final concentration of IL-3 and SCF were adjusted to 1 ng/ml and 10 ng/ml, respectively, as measured by ELISA. BMMC were used between 3-9 weeks of culture, when mast cell purity was greater than 95% based on c-Kit or FcεRI staining.
Cytokines and Reagents
All cytokines, including IL-3, IL-4, IL-5, IL-6, IL-10, IL-12, IL-17 TGF-β, IFN-β, and SCF were purchased from PeproTech (Rocky Hill, NJ). Normal goat IgG and rat-anti mouse ADAM10 primary and secondary antibodies were purchased from R&D (Minneapolis, MN). PE-Goat anti-rat IgG was purchased from Southern Biotech (Birmingham, AL). Collagen IV was purchased from BD Biosciences (Bedford, MA). Antibodies recognizing mouse B220, FcεRI, F4/80, Mac1, Gr1, c-Kit, CD3, CD4, and CD8 were purchased from BD Pharmingen (San Diego, CA). Propidium iodide was purchased from Sigma-Aldrich (St. Louis, MO). Bovine serum albumin (BSA) was purchased from Gemini Bio Products (West Sacramento, CA).
siRNA Depletion of ADAM10
BMMC (3×10 6 cells/group) were transfected with pooled scrambled control siRNA or pooled ADAM10 siRNA (Thermo Fisher Scientific, Waltham, MA) using the AMAXA Cell Line Nucleofector Kit V buffer and the human monocyte setting on an AMAXA Nucleofector II device (Lonza, Basel, Switzerland). Efficacy of gene suppression was measured via flow cytometry; only BMMC populations with 50% or greater ADAM10 negative cells were utilized in experiments.
Flow Cytometric Analysis
Surface expression of proteins was measured by flow cytometry on a BD FACScalibur. For ADAM10 staining, 1-2×10 5 cells were pelleted, washed in FACS buffer (PBS, 3% FBS, 0.1% sodium azide), then blocked with 10 µL Goat IgG at 50 µg/ml in FACS buffer and incubated at 4°C for 10 minutes. 10 µL of 20 µg/ml rat IgG or rat anti-mouse ADAM10 was added to the cells and incubated at 4°C for 30 minutes. Cells were washed in FACS buffer, resuspended in 10 µL of 2 µg/ml PE-goat anti-rat IgG diluted in FACS buffer and then incubated at 4°C for 30 minutes. Cells were washed and resuspended in FACS buffer for analysis. For directly-labeled antibody staining, cell pellets were incubated in 10 µL 2.4G2 rat anti-mouse FcγRII/III culture supernatant with PE anti-mouse ADAM10 and/or 10 µg/ml FITC-labeled B220, FcεRI, F4/80, Mac1, Gr1, c-Kit, CD3, CD4, or CD8 at 4°C for 30 minutes.
Measurement of ADAM10 Levels in Peritoneal Cells
C57BL/6 mice were injected i.p. with 3 ml PBS, agitated, and then PBS was recovered. Cells were assessed by flow cytometric analysis as described above.
Effects of Cytokines on ADAM10 Expression In Vitro
Unless otherwise noted, BMMC were cultured in cRPMI supplemented with 10 ng/ml IL-3 +/− 50 ng/ml of IL-10, TGF-β1, IL-17, IL-4, IFN-γ, IL-6, IL-5, or IL-12 for 3 days. ADAM10 expression was calculated as fold of control measured by flow cytometry.
mRNA Measurement
Cells were harvested and total RNA was extracted with TRIzol reagent (Life Technologies, Grand Island, NY). cDNA was synthesized using the Verso cDNA Kit (Thermo Scientific, Waltham, MA) following the manufacturer's protocol using oligo dT primers provided in the kit. cDNA was quantified using the Thermo Scientific NanoDrop™ 1000 UV-Vis Spectrophotometer (Thermo Scientific, Waltham, MA) according to manufacturer's recommended protocol. qPCR analysis was performed with the ABI 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA) and SYBR ® Green detection using a relative standard curve method. Each reaction was performed according to the manufacturer's protocol using 100ng of sample cDNA, 12.5µl of 2X Absolute QPCR SYBR ® Green Fluoroscein Mix (Themo Scientific, Waltham, MA) and ADAM10 or GAPDH (housekeeping gene) primers in a final reaction volume of 50µl. Amplification conditions for all reactions consisted of a heat-activation step at 95°C for 15 minute followed by 40 cycles of 95°C for 15s, 53°C for 30s and 72°C for 34s. Fluorescence data was collected during the extension step of the reaction. The instrument was set to run in 9600 emulation mode, with auto ramping. Resulting data were analyzed with ABI's SDS v1.2 software package using a manual C t of 0.20 and the auto baseline setting.
For each gene amplified, a standard curve from serial dilutions of a known concentration of cDNA was achieved. The standard curve consisted of eight 2-fold dilutions of a 400ng/ reaction cDNA sample taken from unstimulated B6×129 wild-type cells. The standard curve dynamic range used in this study was selected such that a reliable standard curve encompassing most unknown C t values was generated. For each gene being analyzed, the input (concentration) of each unknown sample was calculated by comparing its C t value with the standard curve using the formula 10^[(C t -b)/m] where b is the y-intercept of the standard curve and m is the slope of the standard curve. ADAM10 relative expression values were normalized by dividing by the amount of GAPDH detected in the same sample.
Migration Assays
8 µm polycarbonate 24 well transwell inserts from Corning were coated with 1 µg/cm 2 mouse collagen IV resuspended in 0.05 M HCl. Plates were incubated for 1 hour at room temperature to allow the collagen to solidify. BMMC were resuspended at 2×10 6 cells/ml and starved in FBS-free cRPMI for 2 hours. A chemotactic gradient was created by adding 700 µL of FBS-free cRPMI with IL-3 at 0.5 ng/ml +/− 100-200 ng/ml SCF in the bottom well and 200 µL of the previously starved BMMC supplemented with 0.5 ng/ml IL-3 in the upper well. Cells were incubated for 16 hours at 37° C and live cells that had migrated to the bottom chamber were enumerated via timed counting by flow cytometry, using propidiumiodide (PI) exclusion staining. Fold of negative control (media lacking SCF) for each population was calculated for all groups. An alternative protocol was performed in the same manner, modified to exclude the use of collagen IV, and including FBS-free cRPMI supplemented with 10mg/ml bovine serum albumin (BSA) as the coating and migration media.
To assess IgE-induced migration, ADAM10 siRNA-depleted or control scrambled siRNAtreated BMMC pre-incubated +/− IgE were resuspended at 2×10 6 cells/ml in FBS-free cRPMI/BSA for 2 hours. A chemotactic gradient was created by adding 700 µL FBS-free cRPMI/BSA with IL-3 at 10 ng/ml in the bottom well +/− 50 ng/ml dinitophenyl-coupled human serum albumin (DNP-HSA), and 200 µL of the previously starved BMMC supplemented with 10 ng/ml IL-3 in the upper well. Live cell numbers were determined by timed flow cytometry counting as above.
Histology
Tissue and organ samples were prepared via surgical excision after euthanasia. Following peritoneal lavage performed as above and collection of femurs for bone marrow cultures, tissue and organs were removed and fixed in either Carnoy's solution or formalin. Samples were stained with hematoxylin/eosin or pinacyanol erythrosinate (Histo-Scientific Research Laborities in Mount Jackson, Virginia). Mast cells were enumerated based on color and morphology after pinacyanol erythrosinate staining, using a minimum of 5 random 40× fields (20× fields for spleen samples). Sections were imaged on a Nikon E-600 compound microscope using a 20× dry or 100× oil immersion objective. Images were processed using Adobe Photoshop®.
Proliferation Assay
BMMC were cultured at 1×10 5 cells/ml in cRPMI with 1 ng/ml IL-3 and either 10, 50, 100, or 200 ng/ml SCF for 4 days. A positive control of 10 ng/ml IL-3 + SCF was done as well. After 4 days, cells were mixed and then counted via a Biorad automatic cell counter in triplicate.
Survival Assay
BMMC were cultured at 5×10 5 cells/ml in CRPMI with 2, 10, 50, or 250 ng/ml SCF for a period of 3 days. A positive control for death was also performed, with those cells receiving no growth factors. After 3 days, cells were triturated, aliquoted into 200 µL FACS tubes, and analyzed via PI exclusion staining. Measurements were taken in triplicate on a FASCalibur.
Statistical Analysis
Data were analyzed using GraphPad Prism 6 software to determine p values by Student's t Test.
Results
ADAM10 KO mice have altered mast cell distribution
We elicited ADAM10 deletion in Mx1-cre/ADAM10-floxed mice by poly-IC injection. Control ADAM10-floxed mice lacking Mx1-cre also received poly-IC. Three weeks postinjection, we noted severe splenomegaly that was consistent with the work of Yoda and coworkers [27] (not shown). We evaluated tissue samples from the spleen, proximal small intestine, ear skin, and back skin. Mast cells were enumerated after histochemical staining with pinacyanol erythrosinate ( Figure 1A ). Splenic tissue from ADAM10 KO mice trended toward increased mast cells numbers (p=.0505), while intestine and skin had overtly higher mast cell counts. We measured the relative abundance of immune cell lineages in the peritoneal cavity of ADAM10 KO mice. ADAM10 was undetectable on the surface of all peritoneal lineages tested from ADAM10 KO mice (not shown). Loss of ADAM10 did not affect the total number of peritoneal cells, nor the fractions expressing B220, CD4, CD8, Gr1, CD11b, or c-Kit/FcεRI as measured by flow cytometry ( Figure 1B ). These data demonstrate that systemic ADAM10 deficiency has myriad consequences, including mastocytosis in the intestine and skin.
ADAM10 Is Expressed by Mast Cells
The increased mast cell numbers in ADAM10-deficient mice could be secondary to inflammation caused by the gene deletion. To ascertain direct effects of ADAM10, we first measured its expression on mast cells. ADAM10 protein expression has been noted on the HMC-1 human mast cell line, and ADAM10 mRNA was detected in mast cells cultured from human fibrotic lung tissue [28; 29] . To assess expression among mouse mast cells in vivo, peritoneal lavage cells were employed (Figure 2A ). We measured surface ADAM10 on several immune cell types via lineage markers with flow cytometry, which corroborated that many lineages express surface ADAM10, including mast cells ( Figure 2B) (31, 32) . A clear majority (~85%) of peritoneal mast cells were surface ADAM10-positive. This was significantly greater than all other populations examined, which had minor ADAM10-positive subpopulations, ranging from 10-45%. These included B cells (B220+), Th cells (CD4+), CTL (CD8+), and macrophages (CD11b hi ) ( Figure 2B ). In addition, peritoneal mast cells expressed ADAM10 at levels that were 2-3 times higher than all other cell types examined, suggesting that ADAM10 is expressed at relatively high levels in mast cells ( Figure 2C ).
ADAM10-deficient (KO) bone marrow-derived mast cells (BMMC) were cultured from
Mx1-Cre-expressing mice, as described in Materials and Methods. By monitoring the fraction of FcεRI/c-Kit-positive mast cells throughout 21 days of in vitro development, we noted a modest delay in mast cell maturation among the ADAM10 KO cultures ( Figure 2D ). This lag was transient, as wild type and ADAM10 KO cultures had similarly high percentages of mast cells by day 21. We also noted that ADAM10 KO BMMC tended to have a slight but statistically significant reduction in FcεRI staining intensity, while c-Kit expression was not appreciably different ( Figure 2E ). Cell morphology was not noticeably different after 3 weeks of culture. These data suggested that ADAM10 is expressed by mast cells and participates in their early differentiation, but functional mast cells can be cultured in the absence of this protease.
ADAM10 Depletion alters c-Kit-mediated migration, proliferation, and survival
If ADAM10 participates in mast cell function, it may have a role in c-Kit-mediated effects, which include proliferation, survival, and migration. For example, the related protease ADAM17 is known to regulate cleavage of both c-Kit and its ligand, SCF [28; 30] . Since ADAM10 cleaves many substrates involved in adhesion and migration, we hypothesized that ADAM10 deficiency could reduce BMMC migration through the known ADAM10 substrate, collagen IV [14] , an integral part of the basal lamina. Using collagen IV-coated transwells, we showed that ADAM10 KO BMMC had significantly less SCF-induced migration than their WT counterparts ( Figure 3A ). This defect was not restricted to collagen IV. When transwell membranes were coated in media containing bovine serum albumin (BSA) in place of collagen IV, ADAM10 KO BMMC also demonstrated reduced migration towards SCF ( Figure 3B ).
To rule out potential effects of ADAM10 deletion on mast cell diffrentiation or on ADAM17 expression, we conducted migration assays using BMMC transfected with ADAM10-targeting siRNA. As shown in Figure 3C , siRNA directed against ADAM10 significantly reduced ADAM10 expression compared to a non-targeting ("scrambled") siRNA, without altering ADAM17 expression. ADAM10 depletion with siRNA correlated with reduced SCF-mediated migration through collagen IV-coated transwells. (Figure 3D ). Finally, we noted that antigen-induced migration among cells pre-coated with IgE was not affected by ADAM10 depletion, demonstrating that ADAM10-deficient mast cells are capable of migration, and that the role of ADAM10 is restricted to some mast cell stimuli.
These data support the hypothesis that ADAM10 is required for SCF-induced mast cell migration.
We also tested ADAM10-deficient BMMC for SCF-induced proliferation and survival, to rule out deficient migration as a result of poor survival. As shown in Figures 4A and B , loss of ADAM10 yielded modest but significantly greater proliferation and survival responses to SCF. This enhancement did not coincide with greater expression or a reduced internalization rate of c-Kit among ADAM10 KO BMMC ( Figure 2E and data not shown) . The mechanism by which ADAM10 deficiency alters c-Kit signaling was assessed by western blotting for known signaling proteins activated by this receptor. We have recently found Stat5 to be required for SCF-induced migration [31] , while ERK and Akt are well-known proliferation and survival factors. However, we noted no difference in SCF-induced phosphorylation of Stat5, ERK, or Akt when comparing wild type and ADAM10-deficient BMMC. Each of these proteins was also expressed at levels comparable to control cultures. The means by which ADAM10 contributes to c-Kit function remains unclear.
Cytokine-mediated Control of ADAM10 Expression
Mast cell protease expression and migration can be altered by cytokines in the microenvironment. For example, TGFβ1 and IL-10 increase mMCP-1 expression [32; 33] . TGFβ1 is a mast cell chemoattractant [34; 35; 36] , but it also blocks IL-4-induced migration [37] . Likewise, IL-10 suppresses mast cell migration [38] . We sought the effects of these and other cytokines representing the functional responses of Treg, Th1, Th2, and Th17 cells on ADAM10 expression. BMMC were cultured for 3 days in media containing IL-3 and one of several cytokines, including IL-10, TGF-β1, IL-12, IFN-γ, IL-4, IL-5, IL-6, or IL-17, after which surface ADAM10 expression was measured by flow cytometry. IL-10 and TGFβ1 both decreased ADAM10 surface levels ( Figure 5A ), while other cytokines had little or no effect.
To further characterize the nature of ADAM10 regulation by IL-10, we determined the concentration and time dependence of IL-10 effects on mast cell ADAM10 expression. Increasing the IL-10 concentration reduced ADAM10 surface expression by approximately 50% at 100ng/ml IL-10, with half-maximal inhibition at approximately 0.2ng/ml ( Figure  5B ). Surface ADAM10 decreased over the course of 4 days in response to IL-10, and remained suppressed for 7 days ( Figure 5C ). In order to determine if changes in ADAM10 surface levels were matched by altered mRNA expression, we measured ADAM10 expression by qPCR over the 7-day time course. Reduced ADAM10 surface expression was initially matched by decreased ADAM10 mRNA, but mRNA levels rebounded after day 2 ( Figure 5D ). Since surface protein was reduced for at least 3 days longer than mRNA, we interpreted this to mean that post-transcriptional regulation of ADAM10 must occur. Many IL-10 effects, especially those requiring mRNA alterations, involve the transcription factor STAT3. Hence, we assessed the effects of IL-10 on wild type and STAT3 KO BMMC. As shown in Figure 5E , IL-10 downregulation of ADAM10 surface expression was completely STAT3-dependent, even when high concentrations of IL-10 were present. These data demonstrate that surface ADAM10 expression can be regulated by the microenvironment, including cytokines known to regulate mast cell proteases and migration.
Discussion
While ADAM10 is well known for its role in development, cancer, and Alzheimer's disease, a number of papers reporting its immunologic functions have arisen in recent years [12; 13; 14; 39] . ADAM10, effective in site 2 cleavage in Notch1 and 2 signaling, and is important for T cell and marginal zone B cell development [15; 19; 24] . Several papers have shown ADAM10 to regulate B cell Ig production, including its role as the primary sheddase of CD23, a negative regulator of IgE production [17; 19; 23; 26] . Important to our work, Mathews et al. showed that B cell-restricted ADAM10 deficiency decreased antigen-specific IgE, eosinophila and IL-5 production in an IgE/mast cell-dependent airway hyperresponsiveness (AHR) model [22] . These studies suggested a pro-inflammatory role for ADAM10, and prompted us to investigate its role in mast cell function.
Perhaps the most striking finding in this study was that ADAM10 deletion in vivo for three weeks yielded tissue mastocytosis. Whether this was due to an intrinsic defect in ADAM10 KO mast cells or to the general inflammatory conditions induced by ADAM10 deficiency needs to be further investigated. Our finding that ADAM10 KO mast cells are less migratory than wild type cells may seem in conflict with increased cell numbers among the ADAM10 KO mice. However, a failure of mast cell emigration coupled with increased proliferative responses ( Figure 4 ) to inflammatory signals in the skin and spleen could partly explain increased mast cell numbers in these tissues. We were surprised by the lack of change in peritoneal mast cells, given that other tissues showed hyperplasia. However, there is precedence for varied responses to mast cell proliferative stimuli in vivo. For example, Lantz et al., showed that 21 days of subcutaneous SCF injections dramatically increased mast cell numbers not only in the skin but also in the forestomach. By contrast, mast cells in the intestinal mucosa and submucosa increased perhaps two-fold, while those in the muscularis did not change [40] . These data provide evidence of ADAM10's overall importance in mast cell distribution.
ADAM10 expression on mast cells explanted from human fibrotic lung tissue and on HMC-1, a human cell line, has been reported [28; 29] . Our work provides a specific exploration of the role of ADAM10 with regard to mast cell function. The relative abundance of surface ADAM10 on nearly all mast cells, compared to other immune cell types (Figure 2 ), implied that this protease functions in mast cell biology, as our work demonstrates. Studies of ADAM10 depletion via cre/lox technology or siRNA yielded mast cells with reduced SCF-mediated migration through transwells pre-coated with the known ADAM10 substrate collagen IV, or coated with BSA. These data did not appear to be due to off-target effects, since the related protease ADAM17 was not altered by siRNA treatment. We also found that ADAM10 KO BMMC migrate normally to IgE/antigen stimulation, demonstrating that loss of ADAM10 does not cause a global defect in migratory ability.
In addition to suppressing SCF-induced migration, ADAM10 deficiency led to a slight increase in proliferation and survival. The mechanism by which these effects are induced is not clear. ADAM17 is known to cleave c-Kit [28] . However, we did not observe significant changes in surface c-Kit expression (Figure 2 ) or on c-Kit internalization during SCF signaling (not shown) among ADAM10 KO BMMC, indicating that this is not the means by which ADAM10 controls mast cell function. We also found no difference in expression or SCF-induced activation of Stat5, ERK, or Akt. Of the possible mechanisms by which ADAM10 could regulate mast cell function and distribution, the ADAM10 substrates Notch 1, Notch 2, and CD44 are worthy candidates. Notch 1 has been shown to promote IgEmediated cytokine production in mast cells and to confer antigen-presenting capabilities to BMMC [41; 42; 43] . Notch2 is also involved in mast cell cytokine production [42] , differentiation [44] , and the proper distribution of intestinal mast cells and eradication of Strongyloides venezuelensis [44] . CD44, which binds hyaluronic acid and undergoes ectodomain shedding by ADAM10, is important for mast cell distribution [45; 46] . These data may be particularly relevant, as human mast cells can associate with bronchial smooth muscle cells in vitro via CD44 and collagen I interactions [47] . How ADAM1-participates in cKit signaling is a focus of our current work.
We and others have shown that TGFβ1-and IL-10 serve as autocrine and paracrine regulators of the mast cell response [37; 48; [31; 50; 58; 66] , fitting the kinetics of ADAM10 downregulation. We were surprised by the return of normal ADAM10 mRNA expression after 4 days of IL-10 culture, since surface protein remained suppressed for at least one week ( Figure 5 ). These results indicate some kind of post-transcriptional regulation. As one means of investigating how IL-10 controls mast cell function, we have begun seeking IL-10-induced microRNAs (miRs), which can diminish protein expression without decreasing corresponding mRNA levels. To date we have identified several IL-10-induced miRs, but have not yet defined their mRNA targets.
It was also interesting to note the importance of Stat3 in IL-10-mediated suppression of ADAM10. While the mechanism for this effect is not known, we located 2 potential Stat3 binding sites in the ADAM10 promoter (GenBank CT025701), located at 72 and 431 nucleotides prior to the transcriptional start site (starting at residues 102927 and 103286, respectively). We postulate that ADAM10 blockade is one of several anti-inflammatory effects of TGFβ1 and IL-10, designed to limit mast cell-mediated pathology. Suppressing ADAM10 could alter mast cell migration, and have implications for parasite immunity, contact hypersensitivity, and asthma.
Our results show that ADAM10 has an important role in mast cell migration. The mechanisms by which this is accomplished and the potential for targeting ADAM10 in mast cell-associated diseases warrant further study. WT BMMC transfected with ADAM10-targeting or scrambled control siRNA were assessed for surface ADAM10 and ADAM17 expression by flow cytometry in (C). These cells were then assessed for migration through collagen IV-coated transwells in response to SCF (D) or IgE+antigen (E) as described. Data shown are means and SEM of at least 8 samples. *p <. 05; **p<.01; ***p <.001. 
